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ABSTRACT 
Aminoacylaee was immobilized on alum1ne. particles su1 table 
for use 1n packed and fluid-bed reactors. The maximum activ1t1Es 
of the sorbed Enzyme were 1575 unite per fram in the case of 
untreated alumina and 757 units per gram in the casE of TiCl4-
treated alumina. The former value of activity is compareble to 
the value of 1600 units per gram reported for DEAE-cellulose-
aminoacylase complex (7), The presence of buffer durin~ immobi-
lization hindered, while the presence of substrate improved 
activity. Furthermore, enhanced activity wAs obtained by increasing 
tne concentration of enzyme solution used to contact the carrier. 
The activity of aminoacylase on untreated alumina dropped 
sharply from 3150 units per Eram to 564 units per gram during the 
first two days of storage and then decreased slowly to a value of 
214 units per gram after thirteen days. Adsorption of am1noacylase 
onto s1lan1zed and bovine-serum-albumin treated alumina yielded 
' , high initial act1vity for the immobilized enzyme, but the activity 
still decreased rapidly during storage. Glutaraldehyde, used as 
cross-linking agent, reacted with the amine e;roups in the active 
site of am1noacylase, thereby destroying enzymic activity. 
High initial activities (6230 units per frnm; 9050 units per 
eram and 10100 units per gram) were obtained with bovine-serum-
album1n coated alumina which had been trEated with e-luta.raldehyde 
prior to enzyme adsorption, at 0°C and various pH's (5.5;6.0;7.o). 
However, the immobilized enzymes were not stable wnen stored at 
25°c. When treatment of the BSA coated alumina occured at 25°C 
. 
and pH 7, the 1n1t1el activity of the insoluble enzyme was only 
' i 
• • . ! .. ~~,~ , .• • ·1_.a "': ~ !, '· " ,' 
:- .--- ~. ,.-;-
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253 unit• per gram but the enzyme remained stable even after 
18 days ot storse;e, Based on these results, 1t wns suggested 
that BSA and glutaralde hyde formed n cros s-1 inked network on 
the alumina carrier, which trapped the enzyme molecules 1n 1te 
Amlnoacylase adsorbed on alumina particles ~as shown to be 
active catalyst in the hydrolysis of acetyl-DL-methionlne. 
Thirty per cent of the acetyl-L-methlonine present in the sub-
strate were hydrolyzed in a packed bed after five passes while 
the conversion reached 34 per cent of acetyl-L-methionlne after 
four passes ln a fluidized bed. Because a column with a very small 
diameter (3/8" ID) and an inadequate liquid distribution was 
employed, siens of bypassing caused lower conversions in the 
... 
fluid-bed than 1n a packed bed, for the sp,me ratio of enzy:r.1c 
activity to substrate flow rate, 
.. ; •'', . ,,, '·. "~' - . 
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I, INTRODUCTION 
The use ot amino acids as supplements for both human and 
animal food is continually increasing. Although some amino acids, 
produced by fermentation (e.g. lysine) eive the L-form, other 
amino acids like methionine are industrially pr~auced by chemical 
synthesis, giving racemic mixtures (10). Because of the atereo-
spec1fic1ty ot living systems towards the optical isomeric forms 
of metabolites, only the L-forms of amino acids are metabolized 
in animals, the D-forms often being toxic. Resolution of racemic 
mixtures of amino acids should therefore be carried out as a 
purification step before these compounds are included in diets. 
The enzyme aminoacylase has been used, in its soluble form 
to catalyze the hydrolysis of acetylated amino acids (4). Due 
to the enzyme specificity towards the physiologically active 
L-forms, racem1c mixtures of acetylated amino acids are hydrolyzed 
to L-amino acids and unreacted acetyl-D-amino acids. The 
'. reaction 1s described by tne··following equation. 
0 H.R R 
II t t Acylase t 
DL-CH3-C-N-CH-COOH+H20------->L- NH2-CH-COOH+CH3COOH + 
0 ff, R 
0 I I 
· n~cH3-C-N-CH-COOH 
The L-amino acids can be separated from the D-amino acid-deriv-
atives either by selective precipitation (of alanine, valine, 
leucine, methionine, threon1ne ••• 1n 80 per cent etha~ol; of 
arginine· in benzaldehyde; of prol1ne in carbobenzoxyphlpri?e)or by 
means of ion exchange reslns (Dowex 50 for alanine, methionine, . 
i 
., 
l 
;i 
~ 
1 
l 
4 
valint, aspart1c acid ••• and Amberlite XE-64 for prollne, 
b1st1dine, and argin1ne)(4). 
However, the use or soluble enzyme presents many disadvan-
tages in application of enzyme reactions for industrial purposes, 
in particular, the reaction is usually carried out batchwise, 
separation of the soluble enzyme from the products being an 
additional step. The developement of insolubilized enzyme, which 
involves fixing the enzyme upon water insoluble ~arrier~, proy_1.4,ee 
industry with biochemical catalysts capable of functioning for 
1ong periods and usable in continuous processes. 
To date, there is only one commercially operating plant 
which uses immobilized aminoacylase for the continuous resolution 
of mixtures of DL-amino acids. The Tanabe Seiyaku Company, in 
Osaka, Japan, uses columns of DEAE-Sephadex-aminoacylase to 
produce about 715 kilograms of L-methion1ne per day (8). However, 
the company ls not completely satisfied with the mechanical 
,properties of the DEAE Sephadex carrier. Sephadex is hard to 
' / .. 
fluidize, therefore limiting the process to packed bed reactors 
where compression of the packed carrier adds to high pressure 
drop and plugging problems. 
In the followinf report, the immobilization of amino.acy)._as.~: 
onto an industrial catalyst composed primarily of alumina was 
studied. The activity of the immobilized enzyme, its performance 
in packed and fluidized beds and its stability during storage 
were determined. Alumina (149Jv- 25~) was used as a carrier 
for the insoluble enzyme because of its small size, fairly high 
density, large surface area per unit volume of reactor, which 
. ;..·~ ·,. ._,,, .. - . ~ 
..... -, "- --~~= - ,;:····· ~ ~ '·-·. 
-·..:_ ....... ···•· .. 
·. I 
f. 
5 
insure minimum mass transter resistance and good quality ot 
flu1dization (2). Although the same conversion would be expected 
rrom the packed bed and the fluidized bed for the same particle 
size, same liquid hourly space velocity (LHSV) and same operating 
conditions, the fluidized bed requires a lower pressure drop and 
is free of plugeing problems. Alumina particles have successfully 
been used as supports for lactase (5), trypsin and catalase (2) 
and the immobilized enzymes have shown 8reat stability. 
, I-. 
I 
....... __ .·,·, · ... - -
- .-~· -~ 
II• ADSORPTION OF AMINOACYLASE ON ALUMINA AND TITANIUM 
RACHLD.RIDI.·. 'lfiEATED ALUMINA: ACTIVITY OF THE IMMOBILIZED ENZYME 
' ' 
A-Properties ot the ·soluble aminoacylase. 
1- Materials and metllode·Z·The enzyme, Acylase I 
(Ec.3.5.1.14) from hog kidney, was supplie~ by Sigma. Chemical 
Company. Activity of the enzyme was -determined usin~ an assay 
procedure based on the method of" Standard Enzyme Assay of 
Native Aminoacylaee" reported by Tetsuya Tosa and al. (6). 
(See Appendix IA for analytical procedure). One unit of activity 
ls defined as that amount of enzyme which will catalyze the 
hydrolysis of one micromole of N-methionine per hour at pH 7 
and 37°C. I 
2- Reaults: r;;:: activity of the free aminoacylase 
was about 1500 units/mg. As shown in figures 1 and 2, its 
optimum temperature was at 25°0 and its optimum pH was around 
PH 7. 
B~Preparation of insol~ble aminoacylase • 
. 
I 1. Materials and methods: . The inorganic support, 
used in the immobilization of aminoacylase, was an industrial 
catalyst composed primarily of alumina (Type SAEHS-33 from 
Carborundum Company). Both untreated alumina and titanium 
tetrachloride-treated alumina were used. The activation of the 
, carrier by treatment with titanium tetrachloride is similar to 
the method described by F.X. Hasselberger et al.(5) and is 
presented in Appendix II. 
Ten m111111 ters of enzyrne solution containing five. milligrams of 
I 
I 
i 
.. 
I 
!. 
,·, 
,· 
I 
I ,, 
:f 
'I 
,, ! I . ~
I 
7 
per milliliter of solution were contacted with one gram 
the support, in a shaker bath for 30 minutes at 25°c. Activity 
or the immobilized enzyme was measured using the standard assay 
procedu~ described in Appendix IA. The enzyme solutions were 
obtained by dissolving the soluble aminoacylase in O.lM phosphate 
butter (pH 7), in deionized water and 1n the substrate solution 
successively to determine the effect of the environment, during 
adsorption, on the activity of the insolubil1zed enzyme. The 
substrate solution was O.lM acetyl-DL-meth1on1ne, containing 
1.5 x 10·3co••, adjusted to pH 7 with l.ON NaOH .• co++ was used 
an activator for aminoacylase· (7). Aleo, various concentrations 
• • 
of the enzyme solution (1mg of enzyme/ml of solution; 5mg/ml and 
· 10 mg/ml) and various volumes of enzyme solution per gram of 
,, 
carrier.(10 ml of enzyme s~lution/g of carrier, 3ml/g and 5ml/g) 
were tried to determine the effect of the initial amount of enzyme 
on the adsorption of aminoacylase. 
2. Results and discµssion: As shown 1n Tables I and 
I 
' /· 
. · II, the maximum activity of the enzyme immobilized on 1alumina 
was 1575 uni ts/g. The presence of '.buffer, ~ during immobiliza-
tion hindered the adsorption of enzyme while the presence of 
substrate improved the activity of the insolubilized enzyme. The 
activity of the acylase adsorbed on untreated alumina was compar-
able to the value of 1600 units/g reported by Tetsuya Tosa et al.(7) 
for DEAE-cellulose-aminoacylase complex. Higher activity of the 
jimmob111zed enzyme. was obtained by increasing the 1ni tial amount 
of enzyme, as indicated in Table III; with an initial amount of 
100 ·mg of en~yme per gram of carrier (10 mg of enzyme per milliliter 
'',.•_ ,·I';,', 
( 
J 
' 
,, 
;; 
1 
, . I 
;,,, 
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FIGUnE 1 
Temperature Profile of Free ~inoacylaee Activity of Enzyme at 37~ is taken_~e 100% 
ALL OF THE OTHER CONDITIONS OF STANDAnD l1SSJl.Y REri'.AIN THE SMiE; O.NLY 'l1HE 'fEMPERATURE CHANGES ( eee appendix IB) 
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FIGURE 2 
lfi Profile 2.f. Free Aminoacylaee 
Activity or the enzyme at pH 7.0 is taken as 100%. All the 
other conditions of standard assay remain the same; only the 
pH changes (see Appendix IC). 
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10 
ot solution; 10 ml of solution per gram of carrier), the 
activity or the immobilized enzyme became 3430 units/g. · 'Thia 
activity corresponded to around two per cent of the initial enzyme 
activity retained on the carrier, seven per cent remaining in 
the mother liquor and 91 per cent lost during the immobilization 
process (see footnote 2 of Table III). 
' ' ~ 
.,.', . .'.,_. "'-· ,·'-·. 
-1 
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TABLE I 
Ad.1orpt1on ot Acylase I on T1Cl4 treated alumina 
Ten ml ot enzyme solution was contacted with one gram ot carrier 
at 25•0 tor 30 minutes. 
was 5 mg/ml. 
Samples 
Adsorption from Phosphate 
Butter pH 7 
Adsorption from deionized 
water 
Adsorption from substrate 
The concentration of the enzyme solution 
Activity of 1mqiobil1zed enzyme (un1ts/gJ 
504 
757 
875 
TABLE II 
Adsorption of Acylase I on untreated alumina 
Tan ml of enzyme~solution (containing 5me enzyme/ml of solution) 
waa contacted to one gram of carrier at 25°C for 30 minutes. 
Samples 
Adsorption from deionized 
water 
Adsorption from substrate 
I, 
,, ',-.·/ ·~: . 
' t' 
Activity of immobilized enzyme ( uni ts/g)· 
1575 
1508 
' 
..• :I'·:. 
. . 
I 
' I' 
, 1. ,'K 
·~ 
~· 
·~ ''"
• ., 0-0 ... :~ C 0 
• - f,-_-_-=-.; 
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TABLE III 
lttect ot the 1n1t1al amount ot enzyme on the adsorption or 
am1noacyla11 I on untreated alumina. 
In1t1al amount ot enzyme (un1ts/g ot carrier) 
(1) 
Activity of immobilized enzyme (un1ts/e of carrier) 
1500• 
4500a 
75001 
15ooobb 
75000b 
lSQCOC 
57 .1 
67.8 
101.5 
176.0 
1300.0 '"' "·~ " • ..... -'- ... ~ I .. 
(1) Th• initial amount of enzyme was calculated from the 
activity of soluble enzyme, the concentration of the enzyme 
solution and the volume of the enzyme solution per gram of carrier. 
The activity of soluble enzyme is 1500 units/mg. 
a) Concentration of solution: 1mg of enzyme/ml of 
solution. Amounts of solution used successively: 
lOml/g of carrier, 3nl/g and jDl/1:. 
b) Concentrations of solution used successively: 
.. 
1 mg of enzyme 1per ml of solution; 5mg/ml and 
lOmg/ml. 
Amount of solution used: 10ml of enzyme solution 
/g of carrier. 
(2) Enzyme activity remaining in the mother liqiwr after 
contact w1 th the carrier: 993 uni ts/ml of aoJ u tion. W1 th 10ml 
of solution the total enzyme activity remaining in solution after 
immobilization was 9930 units, which amounted to about seven per 
cent ot the initial enzyme activity • 
. ' .. ·,-,,' -.. ~, :.,. .... . 
%11 • 001,UMlf 11RJ'ORV.ANOI or THE ALUMINA•.U:IUOACYWE COMPLEX, 
A•Dt1or1pt1on ot the reactor 1yat~m. 
1, The reactor 1yatem1 r1eure 3 1s a achemat1o tlow 
diagram ot the reactor system. The substrate was pumped trom the 
feed tank, through a flow meter and heatinf~ coil 1nto a column 
packed with the alum1na-aminoacylaae complex. Packed bed oper-
ation waa achieved by operating 1n the downflow mode while 
fluidized bed operation was insured by operat1ne 1n the uptlow 
mode, The column was constructed from three-eighth inch 1ne1de 
diameter plex1glae tub1n~, the heatin~ coil was made of stainless 
a teel and the feed tank wne ma.de of polyethylene. The hea t1np: 
coll and the column was immersed in a constant-temperature bath. 
A Bayley Temperature controller was used to rap:ulate the temper-
ature, The valves and f1tt1n~e used 1n the reactor system were 
made of stainless steel or nylon because of the inhibitory effect 
that ce rta1n me tale ha. ve on am1noacyla.se. 
• I 
2. Effects of b~a.ss f1tt1n~e: Experiments were con-
ducted to determine the effect of brass fitt1n1ra on methionine 
and soluble am1noacylase. 
a) Effect of brass f1ttinpa on L-meth1on1nes A 
solution of O,lM L-moth1on1ne (about 50ml) waG kept 1n contact 
with brass f1tt1nes for seven hours and the amount of L-meth1on1ne 
remaining in solution ,u1e determined by the n1nhydr1n colorimetric 
method. ( See Appendix I for ana.lytical Pl'ocedures) 
b) Effect of brass fittings on the activity of 
soluble aminoacylases One milligram ot soluble am1noacylase waa 
I 
' . . ,~ ~- ,, . 
- . -. --,.-
. -- - ... - - . 
-··" ",·.., -~--·c -. 
\ 
14 
a11a7ed according to the standard assay technique with the 
exctpt1on that the 1ub1trate used was a solution or 0.2M 
Acetyl-J>L-meth1on1ne which had been lee pt 1n contact w1 th brass 
t1tt1ngs tor seven hours. 
Aa shown in Table IV, there was a reaction between L-methionine 
and the metal ions trom the brass fitt1nes, which reduced the 
concentration ot L-methionine from 105 rnillimolEs per liter to 
I 
97 m1111moles per liter; this reduction in L-meth1onine concen-
tration was small and could have resulted from exµer1mental 
errors; however, the presence of metal ions nlso inhibited the 
activity of the soluble enzyme. The assay using substrate which 
had been in contact with brose fl ttinvs for seven hours, showed 
a decrease in enzyme activity from 1870 units per rram with the 
control assay (w!thout brass fittings) to 985 units per gram. 
Atomic absorption spectrophotometry showed that a solution of 
deionized water contacted with brass f1tt1nes for seven hours 
+t 
·~ 
at room temperature conta!neq 0.5ppm ~ ; o.5ppm Pb and 
. I 
++ ' t 3. 5ppm z.~ . 
TABLE IV 
Effect of brass fittines on L-methionine and soluble amlnoacylase 
Samples Concentration of L-methionine Activity 
m111imolea/11ter of enzyme 
Control methionine 
Methionine in contact with 
brass fittings 
Control assay 
Assay with substrate in 
contact with braes 
fittings 
f 
105 
97 
78mmole.s liberated 41 
(un1tsi'g) 
1870 
985 
/ 
.... -. -,•. -•·. 
... 
\ 
1, 
15 
Pigure.3, Schematic Flow Diagram of the Reactor System, 
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s~R•actor studies. 
l, Packed bed reactor: A solution of 0.2M acetyl •DL-
'l .~ methionine (pH 7,0, containing 1,5 x 10-~M Co ) was processed 
in a Nactor cone1st1ne of a lucite column (3/8" ID-3" height) 
packed with immobilized amlnoacylase. The reaction temperature 
was maintained at 40°0 and the flow ra.te wns 12ml/m1n. As shown 
in Figure 4, the conversion after five passes, reached fifteen 
per cent of acetyl-DL-methionlne or 30 per cent of the acetyl-
L-methion1ne present. (See Appendix III for sample calculations 
of the per cent conversion). 
2. Fluidized bed reactor: A fluidized bed of the 
1 immobilized a.cylase was also ope.rated, uolnf:: the same substrate. 
The temperature was kept at 35°C and the flow rate was 3ml/min • 
... 
Bed expansion was 50 per cent. As shown ln Fi~ure 5, the con-
version reached after four passes was 17 per cent of acetyl--DL-
meth1on1ne or 34 per cent of the L-form. 
3. Discussion: U61n~ the temperature profile of 
' ..
amlnoacylase, the activity of the catalyst in the fi~ed bed, 
operating at 40°C, was adjusted to an operntin~ temperature of 
35°C, so that the results obtained with the pucked bed could be 
compared to those obtained with the fluidized bEd reactor (see 
Appendix III). As shown in Figure 6, for the so.me E/F, or the 
same act1v1ty of enzyme available to one milliliter of substrate 
1n one minute, the per cent converaion atta.ined in a packed bed 
1s greater than the conversion obtained in a fluidized bed. This 
d1tterence could be explained by the fact that there was signi-
ficant bypassing observed in the small (3/8" ID) fluidized bed 
,.:., ,,/ ~ ' I,._....,,' r ;.s ', :. , ·,' · 
/ 
._-.:-_·-~-· -- .-.-._ -, • ·-· •r -. 
- --••• • .- .---..,. • ' .• 
j 
reactor. Aa the diameter of the column increased, bypassing 
would be reduced and eventually the same conversions would be 
expected trom the packed bed and the fluidized bed, for the same 
particle size, the· same E/F and the same operating conditions. 
However, the fluidized bed has the advantagea of being operated 
at a relatively low pressure drop and without plw·e1ng problems. 
·.: !l",•, .. 1,·:,.',, 
• • I 
, · 
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FIGURE 4 
Hydrolysis of Acety!:DL-meth1on1ne by a fi~ed b!£ of acylase I 
adsorbed on alumina 
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Substrnte: 0.2M Acetyl-DL-methionine+ 1,5 x 10-3Mco+• Flo,,, Rate: 12ml/m1n. 
Temper~ture: 40°C 
Volume of system(empty bed+ tubinc+ heatinf coil} :lOOml Catalyst activity: 2730 units/~ 
Approximate weiEht of catalist in rolumn: 4 g Column: packed; 3/8" ID; 3' he ifht 
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FIGURE 5 
Substrate: 0,2M Acetyl-DL-meth1on1ne+ 1,5 x 10·3ico++ Flow fie. te ~ 3ml/m1n. 
T~mperature: 35°C 
Volurr,e of system( empty bed t tubinp + heot1nr coil) :135ml Catalyst Activity: 2060 unlts/g 
Approximate weirht of cotalyst 1n column: 5e Column: fluidized; 3/8" ID; 12" hele-ht 
Bed expansion: 50 per cent 
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IV, STABILITY OF THE ALUMINA-AMINOACYLASE COMPLEX 
A, Stability ot the am1noacylase adsorbed on untreated alumina. 
The stability ot the immobilized enzyme was determined by 
storing the adsorbed acylase in its substrate at 37°C tor a period 
or thirteen days,. Samples were periodically taken out of storage, 
washed and assayed to determine the remaining activity. 
Soluble enzyme has a half-life of 250 minutes, as reported 
by Flemming (3). Figure 7 showed the decrease in activity of the 
immobilized enzyme as a function of the number of days of storage. 
· The very sharp decrease in act1v1 ty duri·ng the first two days of 
'. storage might be due to leaching of the acylase from the carrier, 
: and even after thirteen days of etoraF.e, there was no leveling off 
~ 
of the stability curve: the activity kept decreasing. Therefore, 
different binding techniques were tried to increase the stability 
of the immobilized enzyme. 
B, Different binding techniques, 
. ' 
61lanized alumina, alumina treated with bovine serum albumin 
and T1Cl4 treated alumina were used as support for aminoacylase. 
The conditions of temperature, pH and contacting time varied 
from one technique to another, the main objective being to find 
one technique that would give hiEh initial activity and great 
stability. Then, various cond1t1one of temperature and pH would 
be tried with that technique to determine the optimum conditions 
for the immobilization of aminoacylase on alumina. 
1. Silanized alumina a.a support: 
a) the carrier: The alumina carrier was contacted, tor two 
..,- •. ,. • t. •-.:. ·I •.. • ••-
,,__ ;=:-···.· 
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FIGURE 7 
§tab111ty of amlnoacylase odsorbed on alumina 
The 1mmob111zed enzyme was stored ln 0,2M Acetyl-DL-meth1onlne 
(i-1, 5 X 10-3M co+t-) at 37° c/ 
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ours, with a ten per cent 5~aminopropyltriethoxys1lane (A-1100 
rom Union Carbide) in pH1 hydrochloric acid solution. The 
arr1er was then washed several times with deionized water and 
ried 1n the oven at about 60°C. 
, ) The adsorption: Five grams of the s1lanized alumina were 
1 ontacted directly with fifty milliliters of an enzyme solution 
(onta1n1n8 10 m1111erams of aminoacylase per milliliter, The 
[emperature was o•c and the contacting time was seven hours, 
r) The stability study: Samples of the amlnoacylaae-silanized 
rlumina complex were stored in deionized water and in substrate 
J1n a shaker bath at 45°c for two days. The remaininf activity 
r•a determined each day, for both samples, 
f) Results and discussion: The initial activity of the amino-
Lcylase-silanize; alumina complex (without coupling agent) was 
.5650 un1ts/g. The results of the stability test showed however, 
ccording to Table V, that the activity of the immobilized enzyme 
still decreased very rapidly·quring storage. 
I 
' /• 
TABLE V 
·stability study of the aminoacylase-s1lan1zed alumina complex. 
The samples were stored at 45°C in deionized water and substrate 
respectively. 
Sample 
Stored in water 
Stored in substrate 
Initial 
5650 
5650 
Enzyme activity (units/e) 
After 1 day storaee 2 days storage 
37 
410 
0 
260 
.~ 
!' 
, I 
f ~ 
~ 
i ,, 
2. Bovlne serum Albu:nin-coa ted alurr.1ne as support:. 
a) The carrier: Ten £rams of alum1nr and 20ml or a 
solution containing lOm! of bovlne-serum-albumln per mlllillter 
of deion1zea water were heated at 90°C. for ~ne ~our. The BSA 
coated alumina wus t!1en wa.sned wlth delon17,Ed \··ater until no 
absorbance at ~60nm ~~s dettcted for the wash solution. T~e 
covine-eerum-albumln was sup9lied by th€ Sif.mD Chemical Company. 
b) The adsor~tion: Five grams of the BSA coated 
alumina were contacted with fifty milliliters of Bn enzyme solution 
containing 10 m~ of aminoacylase per milliliter. The temp-
erature was 25°C and the contacting time wos 75 minutes. 
c) The stability study: Sc1mples of the aminoacylase-
' BSA coated alumino com9lex were stored in deionized water and in 
substrate, in a shaker bath at 25°c for fnur days. Both samples 
were assayed periodically to deter~lne the remainlnE activity. 
d) Results and discussion: Coatinf tie alumina carrier 
with bovine-serum-albumin improved the adsorption of aminoacylase. I 
. ' 
. /;, The 1n1t1al activity of the ·enzyme adsorbed on the BSA treated 
alumina was 15270 units/g. However, -as shown ln Table VI, the 
1mmobl11zed enzyme was not very stable durinf storage. 
TABLE VI 
Stability study of tne aminoacylase-BSA coated aluminn complex. 
The sam9les were stored at 25°0 in deionized water and 1n substrate 
respect1 vely. 
{. 
., 
., . 
. -
., ' 
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TABLE YI 
Enzyme Act1v1ty(un1ts/g) 
sample 
Initial After 2 days storage 4 days storage 
stored in water 
stored in substrate 
15270 
15270 
3. T1Cl4 treated alumina as support. 
2500 
920 
2310 
604 
Stability test was made on aminoacylase adsorbed on TiCl4 treated 
alumina. The immobilized enzyme decreased to 21 per cent of its 
activity after one day of storage in the substrate at 25°C. The 
results of the stab111ty tests of various alumina-aminoacylase 
complexes were summarized in Figure 7. The sharp decrease in 
r activity of the immobilized enzyme during the first few days of 
~ 
, storage m15ht be due to leaching of acylase fro~ the carrier. 
Olutaraldehyde had been used successfully as a cross-linking 
agent to increase the stability of insolub111zed lactase and 
,amyloglucosidase (2). However., glutaraldehyde·had a deteriorating 
·. · ef~ect on am1noacylase as shown 1n the following experiments. 
C. Glutaraldehyde as cross-linkinG agent for am1noacylase-alum1na 
complex. 
1. Effect of glutaraldehyde on the immobilization of acylase. 
a) untreatt:d alumina: Ten milliliters of enzyme 
solution conta1n1n[ five milligrams of enzyme per milliliter 
of solution was contacted with one gram of the untreated alumina, 
in a shaker bath for 30 minutes at 25°C. The adsorbed aminoacylaae 
was then treated with a 2.5 per cent glutaraldehyde solution at 
25°0 for 60 minutes •. The cross-linked acylase-alumina complex 
' . ~· ·.~. ': ., '• .. ' 
- -·, ",.':'........ ·"··.· '.:-• 
i 
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FIGURE 8 
stability for Acylase imwobilized on Alumina, using various techniques 
9 Alum1na-Acylase Complex(without couolin~ aeen~), stored .at 37°C Initial activity: 3150 unite/g 
' o S1lan1zed Alum1na-:-Acylase Complex(w1 t:1out coup11ne eeent), 
stored at 45°c.. Initial activity: 5650 units/f 
A T1Cl4 treeted Alum1na-Acylaee co~9lex, stored at 25°C. 
·In1 t1al act1 vi ty: 8320 un1 ts/e: 
e Bovine Serum Albumin treo ted Alumina-Acj1lese Corr.·Jlex, stored 
at 25°0. Initial activity: 15270 units/~ 
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was again contacted with an enzyme solution with the same con-
centration as the first enzyme solution, at 25°c, for 30 minutes. 
The activity ot the acylase-alum1na complex was determined at 
each step or the experiment. 
The results were shown 1n Table VII: the presence of 
glutaraldehyde destroyed the activity of n.minoacyle.se, either by 
attacking the active site of the enzyme or by denaturine the 
enzyme through cross-linking. 
TABLE VII 
. Effect of glu taraldehyde on the immobilize. tion of acylase on 
untreated alwnina. 
Sample~ Activity of complex(un1ts/g) 
. Adsorbed enzyme 1500. O Complex after glutaraldehyde 2,5 
treatment 
1 Complex after new contact with 218.0 
enzyme · 
. 
. ' b) Bovine Serum.A~uumin.coated alwnina: In order to 
I 
study the effect of glutaraldehyde on am1noacylase-BSA coated 
alumina complex, a sample of the complex was taken out of storage 
and its activity was determined. About one gram of this sample 
was next treated with five milliliters of a solution of 0.25 per 
1 cent glutaraldehyde in O.lM phosphate buffer at pH 7, for forty 
minutes. The activity of the immobilized enzyme was determined 
after glutaraldehyde treatment and compared to its activity 
before treatment. 
··./ 
The ,results, as shown in Table VIII, indicated that J,lle' 
• 
reotment ~1th elutorRldehyde decreased the octlvlty of the 
mlnoacylase-BSA cooted alumina complex ta one tenth of 1ts value 
efore treatment. It could be arfued that with a hi~h 1n1t1al 
, ctlvity of the aminoacylaae-BSA canted olurn1no. complex (around 
5000 un1ts/r.), trEotment wlt:1 plutl1rnlde!1yde: •ould 1ncrease the 
stability of the cJrr.plex while retainlnc: a r(i.t:1er h1f!h activity 
(1n the order of 1500 un1ta/g) for t~e enzyme complex to net as an 
eff~clent catalyst ln the hydrolysis of ocetyl-DL-meth1on1ne. 
How£ver, such treatT.ent of tne complex wasted a substantial amount 
of the enzyme activity and should be avo1dcd if n better techn1que 
for improvine stab111ty ond initial activity of 1mmotilized enzyme 
1s available. 
'fl\BLE VI I I 
----
Effect of elutar~lde :1yde on aminoacylese-BSA coated alum1na complex. 
Sample Activity of Complex (unlts/F.) 
,Complex before glutaraldehyde 262.0 
tree tment .• .. 
'Complex after glutaraldehyde.t,' 23.4 
· treatment · 
The effect of glutaraldehyde on the activity of aminoacylase 
was present ln the case of soluble enzyme es well as in the case of 
1mmob111zed enzyme, os s11own in the followinr- exper1rnent. 
2, Effect of thE monoalcierwce (ncetalcehyde) on soluble 
aminoacylo.ee. 
The effect of glutornldehyde and [lCEtc1ldel1yde on soluble 
amtnoacylase were compared in the fol1Jw1ng experiments: 
a) one rn111111ter of 2,5 per cent flutnraldehyde at pH 7 
was added to·one m111111ter of enzyme solution and the mixture was 
kept in a shakE:r· bath at 25°C for 75 minutes. 
._.· ~--- .... . ~ :-:·. 
-, 
!. 
'.-
b) one m111111ter ot 5,0 per cent acetaldehyde at pH 7 
wa1 a4de4 to one m111111ter of enzyme solution; the mixture was 
treated a1m11arly to the enzyme-glutaraldehyde mixture, 
As shown in Table IX, both aldehydee reacted with aminoacy-
1ase and decreased its activity, Acetaldehyde, being a monoaldehyde 
could not denature. the enzyme through croaa-11nk1ng, Therefore, 
the aldehyde eroup must have destroyed the enzyme activity by 
reacting with the amine eroup at the active site. The lesser 
effect ot acetaldehyde as compared w1 th flutaraldt-Jhyde could be 
explained by the fact tha.t acetaldehyde 1a a much weaker reagent 
than glutaraldehyde , even at a h1~her concentration (5 per cent), 
The reason could also be that both effects, the attack on the 
active site as well as the denaturat1on throu~h croes-11nking, 
~ 
were present in the case of the ~lutnraldehydE. 
TABLE DC 
,Ettects of glutaraldehyde and,acetaldehyde on .soluble am1noacylaee, 
' .t. 
Sample Activity (u~1ta/g) 
Original enzyme sample 205.0 Enzyme treated with glutaraldehyde (a) 3.:, Enzyme treated with acetaldehyde (b) 74,5 
(a) 1 ml of enzyme+ 1 ml of glutaraldehyde(2,5%) pH 7 at 25°C-75 min. 
(b) 1 ml of enzyme + 1 ml of acetaldehyde( 5,0%) pH 7 at 25°0-75 min, 
D. Glutaraldehyde treatment of BSA coated alumina. 
Treating alumina carrier with bov1ne serum albumin had con-
a1derably increased the adsorption of aminoacylaee on the carrier. 
and elutaraldehyde, used as cross-linking agent, had improved the 
'. 
I 
stab111t7 ot many immobilized enzyme. It was therefore thought 
that treatment or BSA coated alumina with eluto.raldehyde betore 
adsorption ot enzyme, should improve both initial activity and 
stability ot the am1noacylase-alumina complex. In the following 
experiments., various cond1 tions f>r glutaraldehyde treatment or the 
carrier and adsorption of the enzyme were studied in order to 
determine the conditions that would c1 ve high ini tio.l activity and 
great stability. 
1. Changing pH. 
Three samples of five grams of BSA treated alumina each, 
·, were contacted with a solution of 2.5 per cent e:lutaraldehyds, at 
pH 5.5; pH 6; and pH 7 successively, in a shaker bath at 0°C 
.·. for one hour. The glutaraldehyde solutions Wt;re obt~1nee1 oy 
.. 
;a11uting a 25 per cent glutaraldehyde solution in v.!M pnosphate 
bul'ter at, tue vurious pri' e • ·.rn.a glutaraldehyde was purchased 
• from Aldrich Chemical Company. The treated ca.rriers from the 
three samples were washed with deionized water· to remove excess 
. 
. t 
·· gluta.raldehyde and contacted w1 th twenty m111111 ters 9f amino-
. acylase solution containing five millicrams of enzyme per 
· m111111ter of solution; at 0°C for 17 hours. 
'!'he 1ni t1al act1 vi ties of the 1mrr:ob111zed enzymes \'/ere 
< determined and atc.bility test nt 25°C wus made on each sample. 
' 
The results, presented in Table X, and F1f~ure 9, showed that 
even tnough very hich initial activities were obtained at zero 
· degree for all pH's, the stability of the 1mmob111zed enzyme was 
not improved by the presence of gluta.rnldehyde. At a low 
. ·; r - -.- '"'" 
,' 
·;; 
'• 
I; 
' j 
i 
', 
temperature, treating the carrier at pH. 7, presented the highest 
1n1t1al activity and the Breatest stability. 
TABLE! 
Initial activity of Aminoacylase immobilized on BSA coated alumina 
which had been treated with c:lutare..ldel1yde at different pH's. The 
temperature was 0°C. 
Sample 
Carrier treated at pH 5.5 
Carrier treated at pH 6.0 
Carrier treated at pH 7.0 
TABLE XI 
Initial Activity (unite/g) 
6230 
9050 
10100 
Initial activitf of Aminoacylase 1rnmob111zed on BSA coated alumina 
which had been treated with glutarald:hyde at different tempera-
tu~es. The pH of treatment was pH 7. 
Sample 
Carrier treated at 0°C 
Carrier treated at 25°C 
.. _, 
',J: 
Init\al Activity (units/g) 
10100 
253 I 
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FIGURE 9 
tabilit curv~ for aminoacylase immobilized on BSA coated alumina 
hich had been treat~-~!:L.ill:utaraldehl9E at different £H's. 
The temperature of treatment wa~ 0°C. The temper-a.ture of 
tornge was 25°c. 
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2. Varying the temperatures. 
A sample of five grams of BSA treoted alurninn was 
contacted with a solution or 2,5 per cent flut~raldehyde, at pH 7, 
1n a shaker bath at 25°C for one hour. The treated carrier was 
washed w1 th de ionized water and contoc te d w1 th f1f ty mill il1 te re or 
acylase solution containine ten m11li£ram~ of enzyme per mill111ter 
· of solution, at 25°C for two houre. 
The initial activity of the immotilized enzyme was determined 
, and the stability test was c0nduct6d at 25°C. Th6 results were 
_, 
: then compared with those obtained for a carrier treatment and 
, enzyme adsorption at zero degree, pH 7. 
As shJwn in Table XI,Figure 10, and F1£ure 11, et a higher 
~ temperature, the initial activity is very mucn reduced while the 
.. 
· stability is somewhat improved. There could t~erefore be an 
optimum combination of pH and temperature whlcn would yield a 
•_ highly ac t1 ve and stable amlnoa cylase -a.l urnl na complex. 
3. . Proposed ex plo no. tion for the act ion ,of F..:l ut.aralde hyde 
. t 
nd bovine-serum-albumin i~·the immobilization of aminoacylase on 
: alumina. 
A possible way in which the treatm~nt ~f the alumina 
: carrier with bov1ne-serum-olbum1n has occured, could be p1ctur1zed 
! as follows: BSA was sorbed int~ the DorEs nnd onto the surface 
: of the alumina particles and u~Jn appl1cutlon of hent, coaeulated 
'thus for:uing a net1., .. 1ork of pr'Jte1n molecules. faen the BSJI. treated 
: alumina was c~ntocted with glutaraldehyds., cross-linking reactions 
, occured be tween the free a.mine grou1Js on the BSA e.nd the aldehyde 
groups. Tne ·network was strengthened by cross-links; the enzyme 
wa.e finally sorbed into the network, by d1ffus1n~ 1nt0 the 
1nterst1t1al holes of the networlc, The size of the interstitial 
; I 
34 
holes was controlled by the conditions under which the BSA 
treatment ot the carrier and the cross-11nl~1nf reactions w,re 
carried out. At hieh pH and high temperature, the cross-linking 
agent gluta~aldehyde was most act1 ve, therefore, more cross-
linking reaction,occured and the size of the holes became 
s~aller: this would result in fewer €nzyme molecules beinr 
absorbed into the ne t~oJork, when the o.ve:ro.5e size of the holes 
was,; smaller than the ave:ra.e;e size of the enzyme .molecule, and 
· smaller d1ffue1on of the enzyme molecules from thE: network~ 
., therefore, lower initial activity Pnd e;ree.ter stability should 
. be observed, as in t:1e case of a temperature of contact of 25°C 
and a pH of 7.0. At low temperature and low pH, the opposite 
effect could be iXpected: hi[h initial activity and a high 
, degree of leaching of the enzyme from the carrier characterized 
the immobilized enzyme treated at 0°C and pH 6. 
' /. 
l, 
• I 
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FIGURE 10 
§tab111 ty C~ve for Am1no-Acylaae Imu;ob111zed on BSA-Glutaraldehyde 
ireated Alumina 
--temperature of treatment was 25°C,pH 7.0 
--contact wlth eniyme at pH 7, 25°C for 2 hrs. 
--stored 1n substrate, pH 7, r1om temperature 
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. FIGURE 11 
stability Curve tor A~1no Acylaee Immob111zed on BSA Coated Alumina 
-
w~ici1 bad been treated~1tn Gluto.ro.ldEhj'dLl~o different Temperatures. 
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V. CONCLUBIONS AND RECOUMENDATIONS 
A. Conclusions, 
Three main aspects of the immobilization of aminoacylase 
on alumina were studied in this report. 
(1) The initial activity of the immobilized enzyme was determined: 
during the immobilization process, the enzyme could have been . 
·• denatured by the conditions of pH and temperature or by reaction 
1 with the carrier or the reagents, The initial activity was 
therefore a measure of the amount of enzyme immobilized onto the 
: carrier which was still active. The initial activity attained when 
1mmobil1zing aminoacylase on to untreo. ted alum1 no. was 1575 uni ta/ g 
which was comparable to the value of 1600 units/~ reported by 
Tetsuya Tosa et al. for DEAE-cellulose-aminoacylase complex. Higher 
. activity of the immobilized enzyme was obtained by increasing the 
concentration of enzyme solution 1n contact with the carrier. 
(2) The column performance-uf the immobilized enzyme was studied, 
I ,p' 
Aminoacylase adsbrbed on aiumina particles was an active catalyst 
1n the hydrolysis of acetyl-DL-meth1on1ne. When the column was run 
as a packed bed, the conversion, after eieht hours, reached thirty 
per cent of the acetyl-L-meth1onine present 1n the substrate. When 
the column was operated as a fluidized bed at fifty per cent expansion, 
the conversion reached after twelve h1uro, was thirty four per cent 
, of acetyl .. L .. 1neth1on1ne, The ab111ty of the immobilized enzyme to 
be operated in a fluidized bed presented many advantages for the 
1ndustr1al eppl1cat1,,n of aminoacylaee .. alumina complex, such as, 
s.maller .presbure drop and less plue:e;ing problems, as compared to 
the packed bed. 
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J). f Tbe stability test was made for the immobilized enzyme. 
plot ot remaining activity versus time of stora(!e tor amino•. 
cylase adsorbed on alumina showed a very sharp decrease in act1v1ty 
urine; the t1ret two days of storage which micht be due to leaching 
r the acylase from the carrier. Therefore, new binding techniques, 
sing silan1zed alumina and BSA coated alu.minc, \'/ere tried to 
ncrease the stability of the immobilized enzyme. Although the 
ew techniques had improved the adsorption of aminoacylase on 
· lumina, leaching of the enzyme from the carrier still remained 
problem. Glutaraldehyde had been tried as cross-link1n~ a~ent 
· or the aminoacylaee on alumina, but it was shown that the aldehyde 
: roupe reacted with the amine ~roups in the active site of the 
· nzyme thereby destroying the enzyme activity. 
-~ 
Weetall, H.H. and Clarence Detar (9) reported in a recent 
. rt1cle tha. t a half-life of 16. 8 days 1.ms obtained for hog kidney 
minoacylaee immobilized on silanized,p;lutara.ldehyde treated 
111ca alumina. The reported .,initial enzyme activity was 1422 
I ,.: 
its/g. ·· However, Weetall 'warned that enzyme loss was great. 
lthough no explanation was given for the loss of enzyme activity, 
he recovery of activity bound was stated as much smaller than 
en per cent. Since the silanizing process was more complicated 
han treat1nc the carrier with BSA, and the initial activity 
bta1ned with BSA treated alumina was very h1e·h (15270 units/e;), 
SA treated alumina was treated ,11th glutaraldehyde in order to 
bta1n h1c;l1 in1 tial act1 vi ty and grea. t s tabil1 ty for the amino-
cylase-alum1na complex. The results showed tha.t a. t low temperature 
.. ''' .. ,.''~· . ~ .. · .. :. 
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nd low pH, h18h 1n1t1al activity was achieved but leach1n6 of 
ht enzyme trom the carrier remained a problem. On the other 
nd, at h1Sh temperature and hich pH, low initial activity 
as obtained but great stability was established. These results 
ugsested a ·possible explanation for the action of BSA and 
1utaraldehyde treatments on the adsorption of aminoacylase: 
SA and Bluta.raldehyde formed a cross-linked networlt which 
enzyme molecules in its holes. 
s. Recommendations. 
The use of immobilized aminoacylase in the com.~erc1al 
esolution of amino-acids has become 1ncreaaincly important. 
here1'ore, an economical and effective way of 1mrnob1liz1n3 the 
'> 
nzyme must be devised. Based on the results of this report, BSA 
oa ted alumina treated w1 th t5lu taralde hyde seemed to be a p:ood 
upport which could provide both high initial activity and great 
tab111 ty. However, more re.s~o.rch should be carr1Sd out to 
. t.' 
etermine the optimum condft.ione of pH, temperature,ar;id.glutaraldehyde 
'concentration. The immobilized enzyme sh~uld also be studied in 
!'. a packed bed and a fluidized bed to determine the per cent 
! 
. conversion attained. 
If the sucBested explanation for the action of BSA and 
.. glutaraldehyde treatments on the adsorption of aminoacylase held 
true, then, enzyme a.dsorbed near i tE1 isoelectric point, when the 
enzyme molGculeShave the smallest volume, would diffuse easily into 
the holes of the network. Therefore, hieh 1n1t1al activity would 
·- -,.- ·:· - ~ ,_ - - cc -
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be obta1ned. Upon etora~e at a different pH than the isoelectr1c 
point, the volume or the enzyme molecule would 1ncrec.ee and the 
ewollen enzyme would be trapped 1n the holes or the network. So 
there would be less chance of leaching of the enzyme from the 
ce.rrier, thus great eto.b111ty wo.e achieved. T:11s su~e:eated 
method, if proven feasible and effective, would be applicable to 
the 1mmob1lzat1on of many different enzymes. Experiments should 
carried out to determine the adsorption and desorption rates 
of the enzyme onto the currier at different pH's. A comparison 
could then be made between adsorption and desorption at the 
1aoelectr1c point nnd adsorption and desorption at other pH's. 
Conclusions could thc:n be drawn as to the val1d1 ty of the eu~e'..eeted 
method or immobilization of different enzymee. Also, many 1nstru-
mental methods used in cato.lysis,e.~,electron m1croscopy,and mer~ury 
poros1met6r, could be used to determine the existence and the 
~ structure of the cross-11nlrnd ne tworlc. 
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Analytical Procedures 
• standard assay ot am1noacylaee. 
A reaction mixture of 1ml of O.lM phosphate buffer (pH 7.0); 
ml ot free aminoacylase (or about 0.2 E of immobil'zed_enzyme); 
nd 20 ml ot substrate (0.2M acetyl-DL-meth1on1ne, containing 
L 
,5 x 10-"2i,i Cot-+-), was incubated for twenty minutes at 37° c. 
he substrate solution was adjusted to pH 7 with lN NaOH, The 
1berated L-methioninG from the hydrolysis reaction was meaaured 
y the n1nhydrin colorimetric method. A blank sample containing 
; ml of buffer, 1 ml of deionized water and 20ml of substrate was 
lways incubated alone with the samples to be analyzed. 
Temperature Profile. 
The enzyme assay was carried out under standard conditions 
od1f1ed by varying the incubation temperature. The activity of 
the enzyme obtained a.t 37°C .wfis ta.ken as 100 per cent. 
' .ti' 
,, c. PH Prof 1le. · 
All the conditions of standard asoay remain unchanged. except 
for the pH of the substrate which was adjusted to different values 
with lN Na.OH, The activity of the enzyme measured at pH 7 wns 
taken as 100 per cent. 
· D, Ninhydrin Colome tric Method • 
. The followlnr..: procedure was based on the met:1od presented by 
Blackburn (8) tor the determination of amino acid, 
-- -~ :~::_ ... ~ . 
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1, R~ase!!.~~: The rea[ents involved in the ninhydrin reaction 
ere: 
·a) 4N Sodium acetate buffer (pH 5.5): The buffer 
olut1on was pre9ared by adding 544 g of Na0Ac.3H20 (sodium 
ce ta te) to 400 ml of de ionized water. Heat wao appl 1ed to 
issolve the sodium acetate, than the solution was let to cool. 
00 ml or glacial acetic acid was adde·d to the sodium acetate 
olution and the total volume was made up to one liter with 
eionized water. The buffer solution was stored 1n the refrie-erator 
hen not in use. Its pH was 5.5:!o.1 as measured on the F1sher-
1odel 230 pH/ion meter. 
b) The ninhydrin reagent: the rea.'.:ent ,,ms obtained by 
1ssolv1ng 0.2;
1 
o{ n1nhydr1n and 0.03 ~ of hydrindantin in 7 .5 ml 
f methyl cellosolve and 2.5 ml of pH 5.5 sodium acetate buffer. 
1nhydr1n, hydr1ndant1n, and methyl cellosolve were purchased 
from the Sigma Chemical Company. The rearent solution was trans-
. ,. 
ferred to a dark glass resef_yoir bottle. It was prepared J-resh __ :f._rom the 
I 
.chemicals and buffer solution for every enzyme assay, because 
,ninhydrin was not very stable when stored in solution for a long 
· time. 
c) The standards: Solutions of L-methionine (obtained 
from the Sigma Chemical Company) were used as standards. The 
concentrotion range from 0.1 m1111rnoles per liter to 0.8 m1111moles 
• per 11 ter provided a linear calibration curve under the conditions 
used for the ninhydrin r~action. Figure 1 shows a typical plot of 
absorbance versus concentration • 
. '
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2. Procedure tor the n1nh,ydr1n reaction, 
A mixture of 1 ml of sample or standard and 1 ml of 
n1nhydr1n reagent was heated 1n a boiling water bath for exactly 
one minute, Ten milliliters of diluent solution (a fifty per 
,, 
cent alcohp.l-de1on1zed ~mter solution) were then added to the 
reaction mixture and let to cool for five to ten oinutee. The 
products of the reaction ~ave a Ruhemann's purple, the intensity 
of which was measured on a Bausch and Lomb S~ectronic 70 at a 
wavelength of 570 nanometers. 
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FIGURE 1 
calibration Curve tor the Anelys1e of L-meth1on1ne Liberated from 
the Enzyme Assay. 
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APPENDIX II 
Activation ot Alwnina. Carrier by Tre:;tment with Titanium Tetrachloride 
Thia method was based on a procedure presented by HasselberF,er, 
et al.(6); 75t5 of aluminn carrier were contained in a round 
flesk; 225 ml of chilled water was added to the flask which was 
then put in an ice both. Twenty f1 ve m111111 ters of titanium tetra-
chloride were slowly ooured into the flask which was kept in the 
ice bo.th and continuously arritated by hand, to insure better 
contact between the alumina and TiCl4. The reaction mixture was 
removed from the ics bath, then heated at 90°c for thirty minutes. 
The activated alumina was then washed with deionized water until 
, all the non-adherin~ particles of titanium oxides were removed; 
.. 
the wash solution became clear. The carrier was transferred to a 
petri dish and dried in the oven at 60°C • 
. . . , 
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APPENDIX III 
Sample Calculations 
A, Enzyme Act1 vi t.y. 
The n1nhydr1n colorimetric method of analynis p;ave t::e 
number of millimoles of L-methionine liberated by the enzymic 
1 reaction, per liter of solution, after 20 minutes. Since one unit 
of act1v1ty 1s defined a.a that amount of enzyme that catalyzes 
'I . / 
1 the hydrolyj,.s of one rn1crornole of acetyl-DL-methionine per hour, 
the act1 v1 ty of soluble enzyme was calculo.ted c.s follows: 
a) Determination of the activity of soluble enzyme a.s 
purchased from the Sigma Chemical Company. 
Concentration of enzyme solution = 1 me: of soluble enzyme/ml of 
enzyme solution • 
. 
1
. Total reaction volume:. 1 ml of buffer -4- 1 ml of enzyme 1' 20 ml subs trn te 
= 22 ml of solution. 
,Activity of enzyme~ ·· ., 
't' 
'mmolee methionine 103JLrnoie 1 liter 60 min 22 ml of reaction solut. 
X X X X X 
liter of solution mmole 103 ml hour ml of enzyme solution 
1 ml enzyme solution _ )mole methionine 
1 mg soluble enzyme hr x mg soluble enzyme 
Since for every mole of acetyl-DL-methionine hydrolyzed, there is only 
one mole of methionine liberated-
:,mole methionine activity unit 
-
cna~'"' .... .....,___.., ___ _ 
hr x mg of soluble enzyme me of soluble enzyme 
I , 
b) Determination or the activity of solutions ot enzyme 
(mother liquor). 
For on• milliliter ot mother liquor, the standard enzyme assay 
technique and the ninhydrin colorimetric analysis gave the number 
of millimoles of L-meth1onine liberated per liter of reaction 
solution, after 20 minutes. Based on similar calculations as 
used in the determination of soluble enzyme activity, the activities 
of the mother liquors are determined and expressed 1n activity 
units per milliliter of enzyme activity. 
mmoles methionine 103 ;unole 1 liter 
--------------- X 
liter of reaction solution x 20 min. n:JJole 
---x ----x 
103 ml 
60 min 22 ml of reaction solution fa.mole methionine 
---x -
-
· hr ml of enzyme solution hr x ml of enzyme solution 
activity unit 
'.; ml ot enzyme solution 
·. For the activity of immobilized enzyme, the co.lculatione were 
' similar to that of soluble enzyme. The total reaction volume 
It' 
.. 
.. remained ·the same, 1 ml of de ionized water replacing l ml of enzyme 
solution in the assay procedure. 
activity unit mmoles methionine 60 min 
·------------- X ---x --------g of enzyme liter of reaction solution x 20 min. hr 
22 ml of solution 
., -
\ y ~ram of enzyme 
Where y was the dry weight of 1nsolub1lized enzyme used in the 
assay. 
I 
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B·P•r cent conversion. 
The concentration ot L-methion1ne 1n the outlet stream was deter-
mined by the'n1nhydrin color1metr1c method. The per cent conversion 
was calculated trom the m1llimoles of methionine produced per liter 
of solution, as tollowss 
1) Concentration of hydrolyzed acetyl-DL-methion1ne in outlet 
streams 
mmoles of L-meth1onine 1 mmole acetyl-DL-methionine hydrolyzed x-------------------= liter 1 mmole of L-methionine 
mmoles acetyl-DL-methionine hydrolyzed 
liter 
2) Concentration of acetyl-DL-methionine in the inlet stream 
was 0.2 molar oro200 millimoles per liter. 
3) Per cent conversion~ outlet concentration of acetyl methionine hYdroly7.ed x 100 = inlet concentration of acetyl methionine 
mmole ace tyl-DL-meth1on1ne hydrolyz.ed/li ter 
---------!---.,- . ...,_ .. ,.._.__ x 100 200 mmole acetyl~bL-meth1on1ne inlet/liter 
c- Calculation of E/F 
1) For the fluidized bed. 
E = Enzyme ac ti vi ty::: 2060 uni ts 5 c·ms 
--x --x number of passes 
gm pass 
F = Flow rate : 3 ml/min 
E/F::. 2060 x 5 x numbur of 
-· 
:, 
passes (units of activity) 
ml/min 
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2) For the tixed bed. 
us1ng the temperature profile of aminoacylase, the activity of 
the catalyst in the fixed bed, operat1n~ at 40°C, was adjusted 
to an operating temperature of 35° C, for the purpose of comparison 
with the fluidized bed. The temperature correcting factor for 
am1noacylase from 40°C to 35°0 1s 104 - 1.06 
' gM-
E,:, Enzyme a.ct1v1ty = (2730 x 1.06) units 4 3ms 
x x number of passes 
e;m pass 
F s Flow rate =.12 ml/min, 
E/F 112730 x 1,06 x 4 x number of pasoes ___ ............ _._...........-
12 
' ,, 
' '/:, 
,,,., .. ' t 
{~nits of activity_) 
\ ml/min 
j 
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